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ABSTRACT 
This paper presents the results of the first part of an important two-year research dedicated to 
analysing the impact of territorial structures upon GHG emissions in the Walloon Region 
(Belgium). The rationale of the research is to provide regional authorities with up-to-date figures 
about the long-term influence of land planning decisions upon energy consumptions and GHG 
emissions, both in the residential building stock as well as for home-to-work commuting. The 
analysis has been conducted at the regional scale (16.844 km2) and includes both urban, periurban 
and rural settlements. It appears that those sectors that perform well on mobility also tend to 
perform well in terms of building consumption. This opens an avenue towards a much more 
progressive approach in terms of spatial planning, where compact cities may be viewed as part of 
the solution, still not the whole solution. This is especially true when one considers the entire 
territorial structure of a region and its strong inertia over time. 
INTRODUCTION 
This paper presents the results of the first part of an important two-year research dedicated to 
analysing the impact of territorial structures upon GHG emissions in the Walloon Region. The 
rationale of the research is to provide regional authorities with up-to-date figures about the long-
term influence of land planning decisions upon energy consumptions and GHG emissions, both in 
the residential building stock as well as for home-to-work commuting. Ultimately aspects covered 
by the research should cover both direct consequences (increase of travel distance due to sprawl 
f.i.) and indirect ones (brakes to the deployment of renewable technologies due to low building 
density f.i.) in a prospective approach at a 2040 horizon. This first year of research focused most 
especially on direct relations, considering ex-post factors: what has been the impact of the past 
evolution of the territorial structure on building and energy consumptions in the Walloon Region? 
Territorial structure is here addressed via three main variables: the location of households, 
employment and mobility infrastructures (road, bus, train). Following Newman and Kenworthy [1], 
it is considered that the combination of these three variables is, first, a structural property of the 
territory that may affect energy use via its incidence on mobility and housing consumption patterns. 
Increasing household densities generally implies more compact buildings (terraced houses and 
apartments),  which tends to lessen energy losses. Mixing employment and households allows the 
latter to find a job at closer locations, which may reduce their work travel distances as well as travels 
related to shopping, leisure etc. Obviously it should be acknowledged that there is an important 
behavioral dimension in this relation [2]. The proximity of jobs does not constitute a guarantee that 
households will effectively select a job nearby home. Developing the analysis on a statistical basis 
allows to highlight empirical trends in the relation between these variables and observed behaviors. 
The combination of these three variables is assumed to be an element that can somehow be 
handled by urban planning policies. Even if one can consider the effective influence of urban 
planning upon employment and household locations with modesty or even criticism [3], it should be 
acknowledged that planning policies, at a European level, led to quite striking differences at this 
respect. This is particularly the case when one compares land occupancy in Belgium and the Nether-
lands, two neighboring countries with quite a different trajectory in terms of urban sprawl and 
mixed-used developments. These policies can only affect settlement patterns on a longer term, given 
the inertia of territorial structures, which pleas for a consideration of these effects at a 2040 horizon. 
 
METHODOLOGY 
The overall methodology of the research is based on spatial correlations between energy 
performance indicators (for both mobility and residential building consumptions) with territorial 
variables (density, mixity, job/housing ratios, accessibility to public transport and road 
infrastructure) at a very disaggregated scale. Quite importantly it should be stressed that, by 
contrast with Newman and Kenworthy well known approach, our analysis has been entirely 
conducted at the regional scale (16.844 km2) and includes both urban, periurban and rural 
settlements. 
For home-to-work commute, the model has been based on the general survey realized in Belgium 
every 10 years amongst all citizens more than 16 years old. The survey provides figures about 
distance travelled by citizens and their mode choice at the statistical unit level. This data has been 
used to build a mobility energy performance index, following Boussauw and Witlox [4]. It has 
been calculated for 1991 and 2001, corresponding to the last two general surveys in Belgium. The 
following conversion table has been used for estimating kWh per travel and passenger for the 
different travel modes. 
 
Mode GWh % kWh/pkm Teq.CO2 % geq.CO2/pkm 
Car 18722,0 94,4 0,45 4894,7 94,9 118,3 
Moto, scooter 251,4 1,3 0,41 64,6 1,3 105,0 
Bus, tram, metro 417,6 2,1 0,35 93,7 1,8 79,5 
Train 451,1 2,3 0,15 104,4 2,0 35,7 
Bike - - - - - - 
Walking - - - - - - 
Total 19842,1 100 - 5157,5 100 - 
Table 1: Specific energy consumptions and CO2 emission per mode in the Walloon Region 
This table is based on regional energy accounts, figures for distance travelled by mode as well as 
conversion factors for electricity to CO2 emissions provided by electric companies. It does not 
take into consideration known variations between public transport emissions/energy consumptions 
according to their occupancy. It is hence unfavorable to urban transports, which have higher 
occupancy rates than rural ones. 
For residential building consumptions, the model has been based on combining cadastre surveys 
with buildings heights provided by digital photogrammetry, for some 850.000 residential 
buildings in the Walloon Region (namely 85% of the residential building stock). As the cadastre 
provides the age of buildings, this variable was used to estimate envelope and heating system 
performances for each building. This approach was also used by [5] and [6]. Thermal needs of 
















<1945 2,2 3,3 1,6 1,9 1 24 
1945-1970 1,4 3,3 1,4 1,5 1 27 
1971-1985 0,8 3 1,0 2,4 0,9 25 
1986-1996 0,5 2,6 0,9 0,7 0,9 25 
1997-2010 0,5 2,4 0,7 0,7 0,7 26 
Table 2: Thermal performance of envelope for different building periods in the Walloon Region 
Building periods were designed so as to match with important technical/thermal turning points, as for 
instance the adoption/changes of thermal regulation in the Walloon Region (in 1985, 1996 and 2010). 
Table 2 provides an overview of thermal performance parameters used in the model. It is based on 
the most recent housing survey realized in the Walloon Region, which provides information about 
insulation of buildings for a sample of 6.000 housings [8]. It hence includes information about 
renovated buildings. It can be seen from the table that wall, slab and roof performance of residential 
buildings in the Walloon Region are quite poor for older buildings. It should be stressed at this 
stage that some 52% of the housing stock in the Walloon Region is older than 1945. 
Both analyses are conducted at the scale of statistical units, namely the most disaggregate spatial 
unit for collecting statistical data in Belgium. The territory of the Walloon Region is covered by 
9.876 statistical units. The area of statistical units is varying between 1,3 ha and 5 834 ha with a median 
value of 47,7 ha, which corresponds to a circle of a bit less than 400 m radius. Statistical units 
correspond to neighborhoods in urban areas and encompass large depopulated zones in rural areas. 
Home-work commute consumptions 
The analysis highlights an increase of 20% in CO2 emissions per person and travel in the Walloon 
Region between 1991 and 2001. This is mainly due to the strength of sprawl and a modification of 
employment catchment areas. It is striking to note that amongst the 20 municipalities which 
witnessed the most important increase in their emission related to mobility, 18 of them are 
localized in the south of the region and somehow polarized by the city of Luxembourg. 
 
Figure 1: Energy consumptions per travel and person for home-work commute in the Walloon Region 
at the statistical unit level 
Figure 1 highlights that urban areas are characterized by lower energy consumptions and CO2 
emissions and, at the opposite, rural and periurban areas by much higher energy consumptions. 
The issue of periurban areas is especially challenging since they now gather important volumes of 
population. Some of these areas witnessed a decrease or stabilization in their CO2 emissions over 
the 1991-2001 period, due to the relocation of jobs outside Brussels.  
In terms of urban planning, this should lead to contrasted solutions in these different urban 
patterns. Even though urban areas have better performances than rural and periurban areas, energy 
consumptions per travel and passenger should still be reduced as they concentrate a large share of 
the population. At the opposite population growth in remote rural areas should be contained as it 
usually leads to important and long car travel distances. Finally, in periurban areas, a combination 
of reconcentration of housing and economic activities around efficient public transport hubs is 
probably the best option to curb the actual mobility and CO2 emission trends. 
Residential building consumptions 
When considering the entire housing stock, annual consumptions by floor square meter appear 
largely related with the age of construction, though they are also influenced by urban compactness 
and climate factors. Quite strikingly it appears that old urban areas generally have better 
performances than more recent periurban areas (Figure 2), especially for those buildings that were 
erected before 1985 at a time when there was no regulation on thermal performance of buildings. 
This period corresponds to an f intense sprawl in the Walloon Region. The thermal performance 
of existing residential buildings is very poor, with a mean annual consumption of some 350 
kWh/floor m2 (standardised consumption along standard calculation). 
 
Figure 2: Energy consumptions in residential buildings in the Walloon Region at the statistical unit level 
In dense urban areas, where the network of streets and buildings is now consolidated, improving 
the performance of buildings should now be an objective fully integrated within all urban 
regeneration policies. By contrast, in periurban areas, improving building performances could 
rather be achieved through demolition/reconstruction operations, especially in those cases where 
densification proves to be an interesting option when they have a due access to public transport, 
services, etc. 
Residential vs. Mobility consumptions 
As documented by the literature, it appears that these two indicators are both correlated to human 
density —as defined by Fouchier [9]— and mixity. Still correlation factors are rather weak (Table 
3). Mobility performances are better correlated to mixity than to density, although these two 
variables are themselves correlated. By contrast, residential building performances are better 
correlated to density, which is linked to compactness, than to mixity.  
  Net human density 
inhabitants + jobs per ha 
Net functional mixity 
nb of functions in the vicinity 
IPE mobility  
(kg éq CO2/trip) -,483
** -,504** 
IPE buildings  
(kWh / floor m²) -,603
** -,545** 
Table 3: Correlation test between indictors of density and mixity with energy performance indices (**) 
Correlation significant at 0.01 (2-tailed). 
These results somehow ponder assertions by Newman and Kenworthy, linking energy 
performance of cities to the sole density. First, because there is a very important variance amongst 
statistical units along the observed trend: low density units may be characterized by very good 
performances. Additionally, it stresses the importance of mixity besides density for understanding 
and influencing travel behaviors. 
Finally the performance of statistical units along the two dimensions observed until now can be 
crossed for the entire region (Figure 3). These units have been classified along their belonging to a 
hierarchy of 8 classes of municipalities in Belgium [10], according to their size and level of 
equipment (presence of higher education, metropolitan services, schools etc.). 
 
Figure 3:  Scatter of mobility and building performance indicators along the hierarchy of 
municipalities established by Van Hecke[10] for Belgium. GV= Large city; VR = Regional city; 
PVBE = Small city with good services; PVME = Small city with medium services; PVFE = Small 
city with poor services; CNUBE = Rural municipality with good services; CNUME = Rural 
municipality with medium services; CNUFE = Rural municipality with poor services 
In general terms, it appears that those sectors that perform well in terms of mobility also tend to 
perform well in terms of building consumption and that the reverse is also true. Additionally, 
most rural settlements have higher than average consumptions both for mobility and building. 
Finally and most importantly, good performances are observed in all 8 types of human settlements 
(urban, rural and periurban ones), depending on the distance to employment centers and 
specificities of the urban pattern. 
CONCLUSIONS 
A method for a combined analysis of building and mobility performances has been established 
and applied to statistical units in Belgium. Results indicate that these performances are closely 
related to the nature of the statistical unit, both in terms of density and mixity, and that 
performances along these two axes are closely related. Still the analysis further highlights that 
statistical units with higher than average performances can be identified in all types of 
settlements, may these be urban, periurban or rural. 
This opens an avenue towards a much more progressive approach in terms of spatial planning, 
where compact cities may be viewed as part of the solution, still not the whole solution. Indeed, 
planning policies should be tailored to each settlement types in order to curb progressively the 
entire scatter of points of Figure 3 towards the lower left side of the graph rather than through a 
very hypothetical and unrealistic claim to concentrate the population in compact cities. This way 
of planning, based on sharing efforts by all settlement types, is especially pertinent when one 
considers the entire territorial structure of a region and its strong inertia over time. 
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